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NON-VOLATILE MEMORY DEVICE AND 
PAGE BUFFER CIRCUIT THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This U.S. non-provisional patent application claims prior 
ity under 35 U.S.C §1 19 to Korean Patent Application No. 
10-2008-0093268, ?led in the Korean Intellectual Property 
O?ice on Sep. 23, 2008, the entirety of Which is herein incor 
porated by reference. 

BACKGROUND 

1. Technical Field 
The present invention relates generally to semiconductor 

memory devices and, more speci?cally, to a ?ash memory 
device and a page buffer circuit of the ?ash memory device. 

2. Description of Related Art 
Semiconductor memory devices can be typically catego 

riZed into tWo types: volatile memory devices and non-vola 
tile memory devices. Volatile memory devices lose their 
stored data When their poWer supplies are interrupted, While 
being capable of achieving high-speed read and Write opera 
tions. Non-volatile memory devices retain their stored data 
even When their poWer supplies are interrupted. Thus, non 
volatile memory devices are Widely used to store data Which 
should be retained irrespective of Whether their poWer sup 
plies are interrupted. Non-volatile memory devices include, 
for example, mask read-only memories (MROMs), program 
mable read-only memories (PROMs), erasable program 
mable read-only memories (EPROMs), and electrically eras 
able programmable read-only memories (EEPROMs). 

In MROM, PROM, and EPROM devices, it is inconvenient 
to erase and Write data and, therefore, it is generally di?icult 
to update the contents stored therein. On the other hand, data 
stored in EEPROM devices can be electrically programmed 
and erased and, therefore, the use of EEPROM devices is 
increasingly becoming popular in auxiliary memory devices 
and system programming devices that require continuous 
updating of contents. In particular, ?ash memory devices are 
advantageously applied to large-capacity auxiliary memory 
devices because they provide higher integration density than 
conventional EEPROM devices. 
A ?ash memory device is an integrated circuit Which is 

capable of storing and reading data at any time. A ?ash 
memory device includes a plurality of reprogrammable 
memory cells each storing 1-bit data or multi-bit data therein. 
When 1 -bit data is stored in one memory cell, the memory cell 
program states correspond to tWo threshold voltage distribu 
tions. That is, the memory cell is programmed to have a 
threshold voltage corresponding to either one of data “1” and 
data “0”. A multi-level cell (MLC) including a plurality of 
memory cells con?gured to store multi-bit data therein has 
more program states. Namely, When 2-bit data is stored in one 
memory cell, the memory cell is programmed to a threshold 
voltage included in four threshold voltage distributions. 
When 3 -bit data is stored in one memory cell, the memory cell 
is programmed to a threshold voltage included in eight thresh 
old voltage distributions. Recently, various attempts have 
been made to store 4-bit data in one memory cell. 

SUMMARY 

According to a ?rst aspect of the present invention, a non 
volatile memory device may include: a cell array including a 
plurality of memory cells; a page buffer block controlling 
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2 
bitlines of the plurality of memory cells to program the 
memory cells to a ?rst target state or a second target state; and 
a control logic con?gured to skip a verify operation for the 
memory cells programmed to the ?rst target state and perform 
a verify operation for the memory cells programmed to the 
second target state during a second program loop When the 
memory cells programmed to the ?rst target state are deter 
mined to be in a pass condition during a ?rst program loop. 

In one embodiment, the ?rst program loop includes: an 
operation for providing a program voltage to a Wordline of the 
plurality of memory cells; a verify-read operation for the 
memory cells programmed to the ?rst target state and the 
memory cells programmed to the second target state; and a 
column scan operation for determining Whether the memory 
cells programmed to the ?rst target state and the second target 
state are in the pass condition according to the verify-read 
operation. 

In one embodiment, When the memory cells programmed 
to the ?rst target state are determined to be in the pass condi 
tion according to the column scan operation, the control logic 
controls the page buffer block to skip the verify-read opera 
tion the column scan operation for the memory cells pro 
grammed to the ?rst target state during the second program 
loop. 

In one embodiment, the page buffer block includes a plu 
rality of page buffers, each of the page buffers comprising: a 
sensing node connected to a bitline of a selected memory cell; 
a ?rst latch con?gured to store data sensed from the selected 
memory cell through the sensing node; a second latch con 
?gured to store data to be programmed to the selected 
memory cell; an output node for outputting the data of the ?rst 
latch; and a ground circuit con?gured to ground the sensing 
node or the output node With reference to the second latch. 
The non-volatile memory device may further include: a 

?rst transistor connecting the sensing node to the ground 
circuit during the verify-read operation for the memory cells 
programmed to the ?rst target state; and a second transistor 
connecting the output node to the ground circuit during the 
column scan operation for the memory cells programmed to 
the ?rst target state. 

In one embodiment, the second latch corresponding to the 
memory cells programmed to the second target state has a 
logic state to activate the second latch during the verify-read 
operation or the column scan operation for the memory cells 
programmed to the ?rst target state. 

In one embodiment, the ground circuit includes a ground 
transistor having a gate connected to the second latch and 
sWitching betWeen a ground and a common source of the ?rst 
and second transistors. 
The non-volatile memory device may further include: a 

third transistor connecting the second transistor to the output 
node during the column scan operation for the memory cells 
programmed to the ?rst target state and the second target 
state. 

In one embodiment, When a result of the column scan 
operation for the memory cell programmed to the ?rst target 
state is determined to be in the pass condition, an activation 
operation of the ?rst and second transistors is skipped during 
the second program loop. 

In one embodiment, the ?rst target state has a threshold 
voltage distribution Where the ?rst target state is loWer than 
the second target state, and the plurality of memory cells are 
simultaneously programmed to the ?rst target state or the 
second target state. 
According to another aspect of the present invention, a 

non-volatile memory device including a plurality of memory 
cells may include: a sensing node connected to a bitline of a 
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selected memory cell; a ?rst latch con?gured to store sensed 
data from the selected memory cell through the sensing node; 
a second latch con?gured to store data to be programmed to 
the selected memory cell; an output node for outputting the 
sensed data of the ?rst latch; a ground circuit con?gured to 
activate or deactivate a verify-read operation through the 
sensing node or a column scan operation through the output 
node With reference to the data to be programmed of the 
second latch; and a verify circuit connecting the sensing node 
to the ground circuit during the verify-read operation and 
connecting the output node to the ground circuit during the 
column scan operation. 

In one embodiment, the sensed data is LSB data pro 
grammed to the selected memory cell, and the data to be 
programmed is MSB data to be programmed to the selected 
memory cell. 

In one embodiment, the selected memory cell is set to be 
programmed to a ?rst target state or a second target state 
having a threshold voltage distribution Where the second tar 
get state is higher than the ?rst target state according to the 
LSB data or the MSB data. 

In one embodiment, the ground circuit is turned on When 
the MSB data stored in the second latch corresponds to the 
second target state. 

In one embodiment, the verify circuit includes: a ?rst tran 
sistor connecting the sensing node to the ground circuit dur 
ing a verify-read operation corresponding to the ?rst target 
state; a second transistor connecting the output node to the 
ground circuit during a column scan operation corresponding 
to the ?rst target state; and a third transistor connecting the 
second transistor to the output node during the column scan 
operation corresponding to the ?rst target state and a column 
scan operation corresponding to the second target state. 

In one embodiment, When the selected memory cell is 
determined to be programmed to the ?rst target state during 
the column scan operation, the ?rst and second transistors are 
controlled to be blocked during subsequent program loops. 

In one embodiment, When LSB page data sensed from the 
selected memory cell through the sensing node is stored, the 
?rst latch is set to be program-inhibited if the stored LSB page 
buffer is Within a threshold voltage range. 

In one embodiment, the ground circuit is a ground transis 
tor having a gate connected to the second latch. 

According to another aspect of the present invention, a 
memory system may include a non-volatile memory device 
and a controller con?gured to control the non-volatile 
memory device. The non-volatile memory device may 
include: a cell array including a plurality of memory cells; a 
page buffer block controlling bitlines of the plurality of 
memory cells to program the memory cells to a ?rst target 
state or a second target state; and a control logic con?gured to 
skip a verify operation for the memory cells programmed to 
the ?rst target state and perform a verify operation for the 
memory cells programmed to the second target state during a 
second program loop When the memory cells programmed to 
the ?rst target state are determined to be in a pass condition 
during a ?rst program loop. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features and advantages of the 
invention Will be apparent from the more particular descrip 
tion of preferred aspects of the invention, as illustrated in the 
accompanying draWings in Which like reference characters 
refer to the same parts throughout the different vieWs. The 
draWings are not necessarily to scale, emphasis instead being 
placed upon illustrating the principles of the invention. 
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4 
FIG. 1 is a block diagram of a memory device according to 

an embodiment of the present invention. 
FIG. 2 is a circuit diagram illustrating the con?guration of 

a page buffer according to an embodiment of the present 
invention. 

FIG. 3 illustrates threshold voltage distributions of 
memory cells that are simultaneously programmed to tWo 
target states. 

FIG. 4 is a ?owchart illustrating a programming method 
according to an embodiment of the present invention. 

FIG. 5A is a circuit diagram illustrating a setting operation 
of a cache latch according to an embodiment of the present 
invention. 

FIG. 5B is a table illustrating a setting result of the cache 
latch shoWn in FIG. 5A. 

FIG. 6A is a circuit diagram illustrating an initialiZing 
operation of a main latch according to an embodiment of the 
present invention. 

FIG. 6B is a table illustrating states of an initialiZed main 
latch and a cache latch according to an embodiment of the 
present invention. 

FIG. 7A is a circuit diagram illustrating an inverse read 
operation and a normal read operation according to an 
embodiment of the present invention. 

FIG. 7B illustrates a selecting operation based on the 
inverse read operation and the normal read operation. 

FIG. 7C is a table illustrating states of the main latch based 
on the inverse read operation and the normal read operation 
according to an embodiment of the present invention. 

FIG. 8 is a circuit diagram illustrating a selective read 
operation for memory cells programmed to a target state (P2) 
according to an embodiment of the present invention. 

FIG. 9 is a circuit diagram illustrating a selective verifying 
operation for memory cells programmed to a target state (P3) 
according to an embodiment of the present invention. 

FIG. 10 is a circuit diagram illustrating a column scan 
operation for the memory cells programmed to the target state 
(P2). 

FIG. 11 is a circuit diagram illustrating a column scan 
operation of the memory cells programmed to the target state 
(P3). 

FIG. 12 is a block diagram of a memory system according 
to an embodiment of the present invention. 

FIG. 13 is a block diagram of a fusion memory according 
to an embodiment of the present invention. 

FIG. 14 is a block diagram of a computing system accord 
ing to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

The present invention Will noW be described more fully 
hereinafter With reference to the accompanying draWings, in 
Which exemplary embodiments of the present invention are 
shoWn. This invention may, hoWever, be embodied in differ 
ent forms and should not be construed as limited to the exem 
plary embodiments set forth herein. Rather, these exemplary 
embodiments are provided so that this description Will be 
thorough and complete, and Will fully convey the present 
invention to those skilled in the art. Like numbers refer to like 
elements. 

In the description herein, a NAND ?ash memory device is 
used as one example for illustrating characteristics and func 
tions of the present invention. HoWever, those skilled in the art 
can easily understand other advantages and performances of 
the present invention according to the descriptions. The 
present invention may be embodied or applied through other 
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embodiments. In addition, the embodiments described in 
detail herein may be amended or modi?ed according to vieW 
points and applications, not being out of the scope, technical 
idea and other objects of the present invention. 

FIG. 1 is a block diagram of a ?ash memory device 100 
according to the present invention. The ?ash memory device 
100 may program selected memory cells to tWo different 
target states simultaneously. That is, the ?ash memory device 
100 may program a part of memory cells of the selected page 
to a ?rst target state, While programming the rest of the 
memory cells to a second target state. This Will be described 
beloW in detail. 
A cell array 110 includes memory cells connected to a 

bitline and a Wordline. Particularly, a multi-level cell (MLC) 
alloWs multi-bit data to be stored in a single cell. In this 
regard, the MLC is programmed to have a threshold voltage 
corresponding to one of program states each corresponding to 
their multi-bit data. The MLCs are accurately and precisely 
programmed to accept a program state number 2k correspond 
ing to bit number (k) stored in a restricted threshold voltage 
WindoW. Hence, the MLC cannot avoid a narroW reading 
margin betWeen threshold voltage distributions. FolloWing 
the program operation, a threshold voltage of memory cells 
may be shifted by program disturbance, charge loss, change 
of temperature, and so forth. In vieW of the above character 
istics, a program operation for making a precise threshold 
voltage distribution is a condition that is essentially set to 
provide reliability of read-out data. 
A roW decoder 120 typically selects a Wordline in response 

to a roW address X-Add. The roW decoder 120 transfers vari 

ous types of Wordline voltages from a voltage generator 180 
to a selected Wordline. During a program operation, the roW 
decoder 120 transfers a program voltage Vpgm (of about 
15-20 volt in one exemplary embodiment) and a verify volt 
age Vvfy to a selected Wordline and transfers a pass voltage 
Vpass to an unselected Wordline. 
A bitline selecting unit 130 selects even pages or odd pages 

among a plurality of bitlines. In response to an address, the 
bitline selecting unit 130 selects even bitlines BLe_0, BLe_l, 
. . . , BLe_n-l or odd bitlines BLo_0, BLo_l, . . . , BLo_n-l 

Which are arranged alternately. While the above description 
focused on bitlines BLe_0 and BLo_0 that are alternately 
selected by the bitline selecting unit 130, the con?guration of 
the bitline selecting unit 13 0 is not limited to the con?guration 
described. That is, the advantages of the present invention 
may be equivalently applied to a bitline selection scheme, not 
the structure Where bitlines are alternately selected. 
A page buffer block 140 acts as a Write driver or a sense 

ampli?er according to an operation mode. For example, the 
page buffer block 140 acts as a sense ampli?er in a read 
operation mode and as a Write driver in a program operation 
mode. The page buffer block 140 includes a plurality of page 
buffers 141, 142, . . . , 143 to program one page. Each ofthe 

page buffers 141, 142, . . . , 143 includes tWo latches, i.e., a 

main latch and a cache latch. The page buffers 141, 142, . . . 

, 143 each including tWo latches may enable the page buffer 
block 140 to program selected memory cells to tWo different 
target states. The page buffers 141, 142, . . . 143 perform a 

verify-read operation and a column scanning (Y-scan) opera 
tion after programming selected memory cells to tWo differ 
ent target states. Therefore, it is not necessary to perform a 
verify-read operation and a column scan operation for 
memory cells programmed to a target state of a threshold 
voltage after completion of the program operation. Although 
each of the page buffers 141, 142, . . . , 143 included in the 

page buffer block 140 includes tWo latches, a verify-read 
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6 
operation and a column scan operation for memory cells 
programmed to a loW target state may be skipped. 
A column decoder and input/output buffer (a column 

decoder & I/O buffer) 150 selects selected columns by a 
predetermined unit (e.g., I/O unit) in response to a column 
addressY-Add. The column decoder & I/O buffer 150 selects 
page buffers 141, 142, . . . , 143 in response to the column 

address Y-Add. During a program operation, program data 
bits provided through the column decoder & I/O buffer 150 
are stored in a selected page buffer. During a read operation, 
data provided from selected page buffers 141, 142, . . . , 143 

is output to an external destination through the column 
decoder & I/O buffer 150. Speci?cally, during a program 
verifying operation, the column decoder & I/O buffer 150 
transmits sensed data to a pass/ fail checker 160. 
The pass/fail checker 160 determines Whether the selected 

memory cells are successfully programmed, based on the 
sensing data provided from the column decoder & I/O buffer 
150. If a verify-read operation is performed to sense that all 
sensed data have a threshold voltage higher than a target 
threshold voltage, the pass/fail checker 160 transfers a pass 
signal to a control logic 170. On the other hand, if the verify 
read operation is performed to determine that even one of the 
selected memory cells has a threshold voltage loWer than the 
target threshold voltage, the pass/fail checker 160 sends a 
failure signal to the control logic 170. The pass/fail checker 
160 may be comprised of a Wired-OR type circuit. 

In response to a command CMD, the control logic 170 
performs all program operations to program input data to the 
cell array 110. The control logic 170 controls the bitline 
selecting unit 130, the page buffer block 140, and the column 
decoder & I/O buffer 150 such that selected memory cells are 
simultaneously programmed to tWo target states by means of 
the programming method according to the present invention. 

The voltage generator 180 generates a program voltage 
Vpgm, a verify voltage Vvfy, and a pass voltage Vpass in 
compliance With instructions from the control logic during a 
program operation. 
The ?ash memory device 100 illustrated in FIG. 2 may 

simultaneously program memory cells having different target 
states. Speci?cally, respective page buffers of the page buffer 
block 140 have a tWo-latch structure of a main latch and a 

cache latch. HoWever, a page buffer may simultaneously pro 
gram memory cells to tWo target states through a tWo-latch 
structure. Further, a page buffer may selectively perform a 
verify-read operation and a column scan operation folloWing 
a program operation. That is, the verify-read operation and 
the column scan operation may be skipped relative to memory 
cells corresponding to a state judged as “PASS” of the tWo 
target states programmed simultaneously. As a result, a page 
buffer may be provided to increase programming speed While 
decreasing the number of latches. 

FIG. 2 is a circuit diagram illustrating the con?guration of 
the page buffer 141 shoWn in FIG. 1. The page buffer 141 may 
simultaneously program memory cells to tWo target states 
using tWo latches 1411 and 1412. After providing a program 
voltage Vpgm to simultaneously program memory cells to 
tWo target states, the page buffer 141 performs a verify-read 
operation tWice. During a program operation performing 
using an incremental step pulse programming (ISPP) scheme, 
the page buffer 141 may skip a verify-read operation and a 
column scan operation relative to a state judged as “PRO 
GRAM PASS” of the tWo target states. Hereinafter, this 
operation Will be referred to as a verify skip mode. According 
to the con?guration of the page buffer 141, the page buffer 
141 may simultaneously program memory cells to tWo target 
















